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The globus pallidus (internal segment, GPi) is traditionally regarded as part of the motor system. In this issue
ofNeuron, Hong and Hikosaka report on a little known projection from themonkey GPi to the lateral habenula
that is modulated by reward. This adds an important branch to the brain’s reward circuitry.Disappointment is a not an unfamiliar
experience for most of us. A negative out-
come may be signaled by an empty hand
or more abstractly by a letter starting with
a fateful sentence regretting a lack of
funds for research. In response to a signal
predicting such a negative outcome, an
essential part of adaptive behavior is to
conserve effort and not expend resources
in fruitless pursuits. The brain’s reward
system, important for guiding reward-
seeking behavior and reinforcing suc-
cessful actions, also responds to signals
that predict no reward. In this issue of
Neuron, Hong and Hikosaka (2008) report
on neurons that respond positively to
predictors of nonreward.
While the dopaminergic neurons of the
midbrain have become widely regarded
as a central part of the brain’s reward sys-
tem, particularly in computational models
of reinforcement learning (Dayan and
Balleine, 2002), relatively little is known
about the neural circuitry that controls
dopaminergic neuronal activity in the
real brain, particularly in relation to sig-
naled nonreward (Hikosaka et al., 2008).530 Neuron 60, November 26, 2008 ª2008 EThe lateral habenula (LHb) has recently
emerged as an important component of
the control circuitry providing a key
source of input to dopaminergic neurons
(Ji and Shepard, 2007).
In this issue, Hong and Hikosaka add
another limb to this circuitry by an elegant
electrophysiological demonstration of
reward-related modulation of neurons in
the monkey globus pallidus (internal seg-
ment, GPi) that project to the LHb. They
measured the firing activity of both GPi
and LHb neurons during a one-direction
reward task. In this task, a visual target
is presented randomly on the left or right,
and the monkey has to make a saccade to
the target. One direction is rewarded,
while the other is unrewarded. Two types
of responses were observed: some
neurons showed an increase in response
to the target indicating the absence of
upcoming reward and a decrease in
response to the target indicating the
presence of upcoming reward (reward-
negative type). The others showed the
opposite, increasing in response to the
reward-predicting target and decreasinglsevier Inc.in response to the no-reward-predicting
target (reward-positive type). Reward-
negative responses had been described
in the LHb, and now for the first time
they are reported in the GPi.
The GPi neurons in the current study
are a minority group of neurons identified
by their antidromic responses to electri-
cal stimulation in the LHb. The GPi to
LHb projection is not so well-known,
but has been studied in several species,
including monkey (Parent et al., 2001).
The stimulation in the present study iden-
tified a distinct subset of antidromically
activated GPi neurons located near
the border of the globus pallidus. Their
firing pattern differed from the move-
ment-related activity typical of GPi
neurons that project to the motor part of
the thalamus, and their location was con-
sistent with the anatomical studies of
LHb-projecting neurons (Parent et al.,
2001).
Could these GPi cells be driving the re-
ward-negative responses of the LHb neu-
rons? That these responses occurred in
identified LHb-projection neurons might
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neurons drive the responses.
In support of this, the re-
ward-negative responses oc-
curred before the responses
of LHb cells, to which the an-
tidromic activation suggests
they provide inputs; there-
fore, they might be important
drivers of the LHb responses.
That is the hopeful conclu-
sion, but there are several ca-
veats. Antidromic activation
does not prove synaptic in-
put, because antidromic re-
sponses can be evoked from
fibers of passage. Also, al-
though the evidence that GPi
neuron responses precede
the LHb responses is sugges-
tive, it is still only a correlation, and this
might arise from common inputs rather
than a causal synaptic input. The present
study provides strong motivation for fur-
ther research into the neurochemical
anatomy of this projection.
The data also provide some tantalizing
clues to the information processing oper-
ations within the LHb. The pallidal cells
making reward-negative responses, while
seeming to drive the LHb cells, have usu-
ally been assumed to be GABAergic.
There is evidence to suggest that at least
parts of the projection may be cholinergic
(Kha et al., 2000; Moriizumi and Hattori,
1992). Then there is the question of the
reward-positive cells. If they were
GABAergic it might explain how the two
different response types are integrated
into a common reward-negative response
in LHb (see Figure 1). Another matter is
that the GPi neurons show some direction
selectivity, which is somehow removed
in the LHb. This also implies another
input to cancel out this incoming
signal. A better understanding of the inter-
nal circuitry of the LHb is needed to
work out how these different inputs are
integrated.
In a broader context, the study raises
the question of the behavioral significance
of reward-negative responses. The mon-
keys in the study reacted more slowly to
the target that signaled no reward. What
is the advantage of such behavior
when, after all, the work has to be done
to clear the way for a rewarded target to
appear?
It seems very likely that sim-
ilar neural activity might be ob-
served in the rodent striatum.
This might lead to some inter-
esting lesion and behavior
studies to determine the
behavioral significance of the
reward-negative responses in
GPi. The most obvious test
would be to inactivate the
GPi, and pharmacological
manipulation of the synaptic
inputs to LHb might also be
feasible. This latest discovery
opens up possibilities for new
research on the links between
motivation and behavior, and
perhaps more remotely on
the effect of disappointment
on motivation.
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